The probability that environmental factors, 1 in concert with genetics, are involved in the etiology of autism holds promise for the identification of modifiable risk factors for the disorder. Maternal physiology comprises, to a large extent, the fetal environment, and previous studies have found associations between autism and obstetric and perinatal complications implicating that environment, including low birth weight, prematurity, and indicators of hypoxic conditions (reviewed in refs 2 and 3 ). Although the numerous studies cited in these reviews have focused on prenatal and perinatal factors, the preconceptional factors shaping the fetal environment have received less attention. For women who have undergone a previous birth, the interpregnancy interval (IPI) may affect physiologic parameters at the beginning of subsequent pregnancies.
Understanding the association between IPIs and risk for autism may shed light on the mechanisms or exposures related to risk, as has occurred for other outcomes. For instance, the association of short IPIs with adverse outcomes, including preterm birth, low birth weight, and being small for gestational age (which are also associated with long IPIs), 4, 5 suggested nutritional depletion (folate, in particular) [6] [7] [8] as a potential mechanism, whereas the association of long intervals with preeclampsia and eclampsia 9 suggested that cardiovascular adaptation 10 could be at play. A precedent for an association between short IPIs and the development of neuropsychiatric disorders exists with schizophrenia. 11 The relationship between IPIs and risk for autism, however, has not, to our knowledge, been specifically examined.
In this study we examined the association between IPIs and autism by using pairs of first-and second-born fullsibling singleton births identified in a large California population. We first determined that the risk of autism in second-born siblings varies according to IPI preceding conception while controlling for a range of potential confounders. We then applied a matched case-sibling control design in a subset of pairs to control for unmeasured family-level factors, including parental genetic background.
METHODS Population
Information on all births occurring in California from 1992 through 2002 was obtained from California's Birth Master Files. Full siblings were identified by exact matching their mother's date of birth, father's date of birth, and a variable representing the first letter of the mother's maiden name (altered for protection of identity). We identified pairs of first-and second-born singleton full siblings, excluding those in infant death files or where the sequence of birth dates was not concordant with sequence of reported maternal parity. This resulted in the identification of 725 987 sibling pairs. For 96.3% of these pairs, we were able to match the first sibling's birth date to the month and year of last birth from the second sibling's record. Sensitivity analyses using this restricted sample yielded similar results and are not presented. A total of 5861 of these pairs included 1 case subject with autism (as defined below) and 1 control subject; 306 pairs included 2 case subjects.
Variables obtained from the Birth Master Files included maternal age, parity, education, race/ethnicity, location of birth, and payment source; the child's sex, birth date, and gestational age; and paternal age. For each sibling pair, the IPI was calculated as the number of days elapsed between the date of the first birth and the second, minus the gestational age of the second infant. Where gestational age was missing (4.4%) or recorded values were Ͻ20 weeks (0.04%) or Ͼ44 weeks (2.6%), pairs were excluded. Where a negative IPI was the result (n ϭ 33), pairs were also excluded.
Diagnosis of autism was identified using case files of the Department of Developmental Services (DDS). The DDS provides services to people with autism and other developmental disabilities, such as mental retardation, epilepsy, and cerebral palsy; other autism spectrum disorders, including Asperger syndrome and pervasive developmental disorders not otherwise specified alone do not qualify someone for services. It has previously been estimated that the DDS system includes 75% to 80% of children with autism in the state. 12 Clients with a DDS code of 1 ("autism, full syndrome") or 2 ("autism, residual state") in the DDS electronic file at any time point, indicating that they at some point met diagnostic criteria for autism, were considered as case subjects for this study.
Statistical Analysis
Distribution of IPIs was compared graphically by case status within the pair. Two sets of statistical analyses were then conducted as described below: a primary analysis using logistic regression models and a secondary case-sibling control analysis using conditional logistic regression.
Logistic regression models were used to examine the pattern of association between IPIs and autism among second-born children. Children who had a firstborn sibling diagnosed with autism were excluded to avoid bias that could occur if autism in a first child affected subsequent childbearing. This might be more likely among families with longer IPIs who have more time to observe a first child before conceiving the second. Frequency of case and control subjects and crude and adjusted odds ratios (ORs) were calculated for 12-month strata of IPIs. Observations with IPIs of Ն84 months were collapsed into 1 category to avoid having any stratum with fewer than 5 case subjects. Covariates in the adjusted model included sex, birth year, parental ages (linear terms; use of categorical terms did not meaningfully alter estimates), maternal education (Ͻ12, 12, 13-16, or Ͼ16 years of education), ethnicity (non-Hispanic white, Hispanic, black, or other), birthplace (California, Mexico, or other), and using Medi-Cal (California's Medicare system) as payment source for delivery (yes/no). To further explore the shape of the association between IPIs and autism, a model was fit representing IPIs by indicator variables for 3-month intervals (0 -2 months, 3-5 months, etc) up to Ͼ60 months, and results were plotted graphically.
On the basis of these analyses, a reduced model was selected with indicator variables for IPIs Ͻ12 months, 12 to 23 months, and 24 to 35 months, with IPIs of Ն36 months as the referent. To test whether the effect of IPIs was mediated through preterm birth or low birth weight, these variables were added to the model and coefficients were examined for attenuation. Because our definition of IPI was on the basis of live-birth deliveries, an analysis was restricted to pairs with no report of previous pregnancy loss. Children born in earlier years had a longer time to receive a diagnosis. Because the majority of children with autism in this population who were born in 2002 would have received a diagnosis by 2006, we included births through 2002 in the primary analysis. Nonetheless, we fit a model including only births in the year 2000 or earlier and restricting the case definition to those diagnosed by the age of 6 years. To explore potential heterogeneity in measures of association, analyses were conducted stratifying by each covariate. A test for linear trend was conducted for each model by including an ordinal term for IPI category, and a Wald 2 statistic was used to test for heterogeneity in ORs across strata. 13 To account for the potential of uncontrolled confounding by family-level factors associated with both IPIs and autism, we additionally conducted a case-sibling control analysis using conditional logistic regression for sibling pairs with 1 affected and 1 unaffected member. This method capitalizes on the fact that IPIs vary only for the second-born sibling. In each pair, either the first-or the second-born sibling is affected. If there is no direct effect of IPI on the risk for autism, then although families with shorter IPIs may have higher rates of autism overall, no specific association with birth order in those families would be expected. If a true effect of IPIs exists, we would expect to observe it among second-born siblings. Therefore, we computed within-family estimates for the association between birth order (second-versus firstborn) and autism according to IPI. Models included product terms between birth order and IPI variables. IPIs were parameterized using indicator variables, and covariates included the child's sex and birth year, maternal and paternal ages as categorical variables, maternal education, and Medi-Cal use. Maternal race and birthplace were omitted because they do not vary at the family level.
RESULTS
The cumulative distribution of IPIs is shown in Fig 1. In full-sibling pairs in
FIGURE 1
Cumulative distribution of the IPIs for full-sibling pairs with 0 or 1 autism case subjects, among California singleton births, 1992-2002. Autism diagnoses were identified by using records of the California DDS. which neither was diagnosed with autism, 23% had IPIs of Ͻ12 months, and the median IPI was 20.8 months. IPIs were shorter among pairs with autism diagnoses; the median IPI was 19.2 months in cases where the case subject was firstborn and 15.0 months in cases where the case subject was second born. The logistic regression analyses below included the second-born siblings from the pairs with no case subjects ("controls") and pairs with 1 case subject who was second born ("cases"). The case-sibling control analyses included all pairs with 1 case subject who was either first or second born.
Association Between IPIs and Autism in Second-Born Siblings
A total of 662 730 sibling pairs were identified in which the firstborn child was not diagnosed with autism, and complete information was available on IPIs and covariates. (Table 2) . Excluding observations with a reported history of maternal pregnancy loss or termination resulted in similar OR estimates (Table 2 ). When births after 2000 were excluded and the case definition was restricted to diagnosis by the age of 6 years to ensure equivalent follow-up time for all case subjects, results were similar; however, the OR for IPIs of 24 to 36 months was not statistically significant (Table 2) .
Stratified analyses (Table 3) revealed an inverse association between IPI and
FIGURE 2
ORs and 95% CIs for autism according to IPI preceding conception, among 662 730 second-born singletons from full-sibling pairs born between 1992 and 2002 in California, where the first child was not diagnosed with autism. Calculated using logistic regression models adjusted for sex, birth year, parental ages, maternal education, ethnicity, birth place and Medi-Cal use. IPIs were modeled using indicator variables for 3-month intervals. Autism diagnoses were identified using records of the California DDS. odds of autism within all categories. Tests of linear trend were highly significant (P Ͻ .01) in all strata except for paternal age younger than 20 years, which included relatively few observations. Significant heterogeneity was observed in OR estimates for IPIs of Ͻ12 months for maternal and paternal ages. For both maternal and paternal age, the highest ORs appeared in the 25-to 29-year strata; the smallest ORs appeared among the youngest and oldest parents. Marginally significant heterogeneity was also observed according to maternal race and according to Medi-Cal enrollment.
Case-Sibling Control Analysis
A total of 5327 full-sibling pairs with complete data on IPIs and covariates were identified in which 1 of 2 sib- 
DISCUSSION
This study provides evidence that IPIs of Ͻ24 months are associated with increased odds of autism in second-born children. Using pairs of full-sibling singleton births drawn from a large California population, we found an inverse association between autism and IPIs, with the greatest risk occurring for IPIs of Ͻ12 months. The association was not mediated by preterm birth or low birth weight and persisted across categories of sociodemographic characteristics, with some attenuation in the oldest and youngest parents. A case-sibling control analysis additionally suggests that although confounding by family-level factors may be present, it does not entirely account for the association, particularly for IPIs of Ͻ12 months. To our knowledge, this is the first study to specifically address the association between IPIs and autism risk.
One possible explanation for this association is some alteration of maternal physiology associated with IPI. The association of short IPIs with adverse pregnancy outcomes including low birth weight and preterm birth has been investigated previously, with maternal nutritional depletion, in particular of folate, representing a leading hypothesis. 8 Folate is required during pregnancy for DNA synthesis and cell division. Without supplementation, serum and erythrocyte levels decrease from midpregnancy. 14 O'Rourke et al 15 found that erythrocyte folate levels, which are more representative of longterm status than serum levels, declined through at least 12 months postpartum. Our observation of the greatest relative odds of autism in second-born siblings in pregnancies after intervals of Ͻ1 year, with a rapid decline thereafter, is consistent with the hypothesis that folate status might also be related to autism risk. However, other possible mechanisms, such as maternal levels of iron and polyunsaturated fatty acids 16 or stress 17 should also be considered. Some attenuation of the IPI-autism association occurred among younger and older parents, which suggests an explanatory mechanism that is less correlated with IPIs in these groups. Dilution by greater baseline risk may also occur among children of older parents. 12, 18 Use of administrative records of the California DDS for identification of autism represents a strength of the study, facilitating population-based analyses over 11 years of birth records from this populous and diverse state. However, inclusion as a case subject depends on seeking services and receiving a qualifying diagnosis, with previous reports estimating that 75% to 80% of people with autism in California register with the DDS. 19 Another concern is that autism diagnosis or symptoms in a first child may impact the decision to have a second child ("stoppage") and that this would be more likely with longer IPIs. To avoid potential bias this would induce, we included in logistic regression analyses only subjects whose first sibling did not have an autism diagnosis; if the firstborn child does not have autism, stoppage cannot effect whether a second child is born. Our results, therefore, pertain to simplex families; whether differences would be observed in multiplex families or whether affected families in our sample later included additional children with autism is not addressed by our analyses. This approach could not be applied to the case-sibling control analysis (Fig 3) , which rests on comparing diagnoses in first-versus second-born siblings. If stoppage among families with longer IPIs resulted in the observation of fewer pairs with affected firstborn children, we would expect ORs to be biased upward at longer IPIs. Because we observe elevated ORs at short, rather than long, IPIs, such a bias is unlikely to explain the results.
As in any epidemiologic study, this association could arise through uncontrolled confounding if families who tend to have shorter IPIs are also at greater risk of autism for other reasons (ie, parental genetic or hormonal factors or social influence on both autism diagnosis and decisions regarding family structure). We were able to analytically address family-level confounders (those to which all siblings within a family are equally exposed). If an unmeasured family-level factor associated with short IPIs and risk for autism was primarily responsible for the observed association, we would expect equal risk in first-and secondborn children, because they are equally exposed. The fact that instead we see second-born siblings at disproportionately greater risk for short IPIs indicates that this is not the case. On the other hand, we cannot rule out confounding by unmeasured individuallevel factors that vary between children within families. Social 24 and environmental 25, 26 exposures have been associated with autism diagnosis in this population and may vary between children in families who move. However, we have no specific reason to believe that these are causally associated with IPIs.
Only first-and second-born children were included in this study. IPI as a preconceptional "exposure" is defined only for the second children; however, it may be correlated with measures that are relevant for all children or may serve as a marker at the family level of unmeasured factors associated with autism risk. 
CONCLUSIONS
This study provides evidence of an inverse association between IPIs and autism risk, with a more than threefold elevated odds in pregnancies conceived within a year of a previous birth. This finding is particularly important given trends in birth spacing in the United States. Between 1995 and 2002, the proportion of births occurring within 24 months of a previous birth increased from 11% to 18%. 27 Closely spaced births occur in some part because of unintended pregnancies but also by choice, particularly among women who delay childbearing. 28, 29 Therefore, additional research to confirm this association in other populations and to undercover underlying mechanisms is particularly critical. 
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